Abstract Despite an important public health problem in developing world like India, larva migrans remains a neglected zoonosis. Cutaneous larva migrans, Visceral larva migrans, and Ocular larva migrans are the important clinical manifestations seen in humans in India. Although many nematode parasites have the ability to cause the infection, the disease primarily occurs due to Ancylostoma caninum and Toxocara canis. Presence of the infection in dogs is an indirect indication of its incidence in humans in endemic regions. In India, sporadic cases of this neglected but important parasitic zoonosis are the main implications of lack of diagnostic methods and under-reporting of human cases. Tropical climate in addition to overcrowding, poor hygiene and sanitation problems, stray dogs, open defecation by dogs and improper faecal disposal are the important factors for persistence of this disease in the country. Sanitary and hygienic measures, improved diagnostic techniques and surveillance programme in dogs as well as humans should be adopted for its effective control. Comprehensive collaborative efforts by physicians and veterinarians are required to tackle this problem in order to attain optimal health for humans, animals and the environment. Moreover, recognition of larva migrans as an important public health problem is the most important step to combat this neglected disease in developing countries like India.
Introduction
Zoonotic parasites are important from veterinary, public health and economic point of view in India and many other developing nations (Singh et al. 2010 (Singh et al. , 2011 (Singh et al. , 2012 (Singh et al. , 2013 . Larva migrans is a parasitic zoonosis that is caused by migration of parasitic larvae in different parts of the body. Numerous animal parasitic larvae are responsible for larva migrans in humans (Chaudhry and Longworth 1989; Bryceson and Hay 1992; Nawa et al. 1996; Brasil et al. 2006; Kurokawa et al. 1998; Vega-Lopez and Hay 2004; Tamminga et al. 2009 ). Depending upon the involvement of body parts, larva migrans can be classified into four categories viz. Cutaneous larva migrans (CLM), Visceral larva migrans (VLM), Ocular larva migrans (OLM) and Neural larva migrans (NLM). These parasites are important not only from a veterinary stand-point but also a public health perspective, as they are potentially zoonotic (Chaudhry and Longworth 1989; Traub et al. 2004 Traub et al. , 2007 . CLM has been commonly reported from tropical and subtropical geographic areas; however, due to increased international travel, it is no longer confined to these areas (Shinkar et al. 2005) . Resultantly, CLM is the most frequent skin disease among travelers returning from tropical countries (Caumes 2000; Bouchaud et al. 2001) . Although widely distributed, VLM is most commonly seen in the tropical and developing countries, where the sanitary and hygienic conditions are poor (Tao et al. 2012) .The parasitic larvae when invade the eye may lead to OLM. NLM is invasion of the brain and/or spinal cord by parasitic larvae (Kazacos 2001) . High prevalence of ancylostomosis and toxocarosis has been observed in different parts of India. However, data are scanty on larva migrans in humans. In the present review, an update on veterinary and public health perspectives of larva migrans in India has been provided. 
Cutaneous larva migrans (CLM)

History
Initial published report of CLM was credited to Lee, an English physician (Nash 1990) . The term ''Cutaneous larva migrans'' was coined by Crocker (1893) . Hammelstjerna proved that CLM had parasitic etiology in 1896.
Etiology
Various synonyms such as creeping eruption, plumber's itch, sand worm, duck hunters itch and epidermatitis linearis migrans are used to describe CLM (Neafie and Meyers 2000) . CLM is caused by the larvae of animal hookworms, especially those of dogs and cats viz Ancylostoma caninum and A. braziliense (Chaudhry and Longworth 1989; Beaver 1956 ). Other nematodes associated with the disease include Uncinaria stenocephala, Bunostomum phlebotomum, Gnathostoma spinigerum, Dirofilaria sp. and Strongyloides westeri (Bryceson and Hay 1992; Kurokawa et al. 1998; Vega-Lopez and Hay R 2004; Tamminga et al. 2009 ). Filariform (third-stage, L-3) larvae are infective stage and penetrate the skin of the host (dog and man). In dogs, L-3 stage develops into adult but no such development occurs in man (CDC 2013).
Epidemiology
The disease is worldwide in distribution and has been reported from Africa, South and Central America, Southern USA, South-East Asia, Southern France, Spain and Australia (Manson-Bahr and Bell 1987) . Factors such as tropical climate, overcrowding, poor hygiene and sanitation problems contribute to the causation (Meffert 1977) . Among travelers returning from tropical countries, CLM is the most frequent skin disease (Caumes et al. 1995; Bouchaud et al. 2001) . India has a huge population of *19.2 million stray dogs. Stray dogs play a major role in the environmental contamination with the helminth eggs. In India, presence of stray dogs, open defecation by both stray and pet dogs, improper faecal disposal are the conducive factors for the persistence of Ancylostoma and Toxocara eggs in the environment. CLM patients usually have a history of visiting public places (beaches or bus stops etc.) commonly accessed by stray dogs (Sugathan 2002; Kartikeyan et al. 2003; Mehta and Shenoi 2004; Gutte and Khopkar 2011 ). CLM appears to be common in low socioeconomic communities. Walking bare foot on or sleeping/working in contaminated soil are other important factors responsible for CLM in humans (Padmavathy and Rao 2005; Malhotra et al. 2006; Mohanty et al. 2012) .
Status in India
Occurrence in humans In India, sporadic cases of CLM have been reported and are summarized in Table 1 . The high prevalence of A. caninum and A. braziliense in dogs in tea growing community could account for the incidence of CLM observed among the human population residing at the tea estates, Assam (Traub et al. 2004) . Inspite of high prevalence of ancylostomosis in dogs in India (Traub et al. 2002; Agnihotri et al. 2008; Das et al. 2009 ), data on epidemiology of CLM in humans is largely missing possibly due to under reporting and misdiagnosis of the disease (Sugathan 2002) .
Occurrence in dogs
Both the hookworm species A. caninum and A. braziliense are endemic in dogs in India (Traub et al. 2004 (Traub et al. , 2007 . The prevalence of infection ranges from 19 to 94 % in different parts of the country (Traub et al. 2002; Agnihotri et al. 2008) . Infection rates were 50.5, 71 and 73 % in Miraj, Uttar Pradesh and Bangalore, respectively (Malaki 1966; Sahai 1969; Joshi and Sabne 1977) . Khante et al. (2009) reported 20 and 25 % infection rate among adult and young stray dogs in Nagpur. In Himachal Pradesh, 19.06 % incidence was recorded during the coprological examination of 236 dogs (Agnihotri et al. 2008) . Prevalence reported was very high (94 %) in dogs in three tea estates in Assam and was maximum among the other GI parasites observed (Traub et al. 2002) . 72 % of dogs were found to harbour A. caninum, 60 % harboured A. braziliense and 37 % harboured mixed infections with both hookworms (Traub et al. 2003) . Das et al. (2009) reported 51.53 and 19 .73 % prevalence rates of Ancylostoma spp in stray and pet dogs, respectively in Puducherry. Most of the earlier studies were based on coprological examination, thus did not distinguish Ancylostoma species or might have wrongly interpreted the results (Malaki 1966; Sahai 1969; Joshi and Sabne 1977) . Molecular studies should be performed to know the exact status of the hookworm species A. caninum and A. braziliense in various parts of the country as these techniques are must for species differentiation (Traub et al. 2003) .
Health implications in humans
The clinical features of CLM vary from non-specific dermatitis to typical creeping eruption (Karthikeyan and Thappa 2002 ). An erythematous itchy papule is observed as first lesion followed by about 2-3 mm thick, raised pink or flesh colored swollen lesion. Later on, there is formation of linear, serpentine (serpiginous) or bizarre tracks (Padmavathy and Rao 2005; Malhotra et al. 2006; Mohanty et al. 2012 ). The larvae migrate about 2-5 cm per day (Karthikeyan and Thappa 2002) . Lesions are most common on the feet, lower legs and buttocks (Shinkar et al. 2005 ), but also occur on the arms, hands, and face (Goldsmid et al. 1998) . Unusual sites include abdomen (Padmavathy and Rao 2005; Malhotra et al. 2006 ) and penis (Kartikeyan et al. 2003) (Table 1) . Occasionally A. caninum larvae may migrate to the human intestine, causing eosinophilic enteritis (Prociv and Croese 1990; Walker et al. 1995; CDC 2013) .
Clinical symptoms in dogs
Pale membranes, anemia, weight loss, bloody stool, weakness, poor growth in puppies and stunted growth in young animals, are the common symptoms observed in ancylostomosis (Soulsby 1982; Sherding and Johnson 1994) .
Diagnosis
Diagnosis is mainly based on clinical presentation along the relevant history of occupational exposure or recent travel to endemic regions. Biopsy is of no value as the larvae advance ahead of the clinical tract. To detect larva and confirm the diagnosis, epiluminescence microscopy is an effective noninvasive method (Eisher et al. 1997) . Contact dermatitis, migratory myiasis and cercarial dermatitis should be on differential list ). In dogs, coprological examination is performed for diagnosis but molecular studies are needed for species identification (Traub et al. 2003) .
Treatment
CLM usually heals spontaneously within weeks or months (Caumes 2000) but the larvae may migrate for as long as 1 year (Chaudhry and Longworth 1989) . If patient does not undergo treatment, complications like impetigo and local or general allergic reactions can occur (Caumes 2000) . Such complications and long duration of the disease, make treatment mandatory. The treatment of choice is ivermectin (a single dose of 200 lg kg -1 body weight) (Caumes et al. 1993) . Albendazole (400 mg a day per os for 3 days) is also effective. Freezing the leading edge of the skin track rarely works (Caumes 2000) . Topical application of a 10-15 % thiabendazole is also effective (Davis and Israel 1968) . Treatment in dogs include dichlorvos, pyrantel pamoate, febantel, fenbendazole and mebendazole (Lefkaditis 2001) . Wilder (1950) was the first to describe infection in a child but identified a nematode larva of unknown species within a retinal granuloma. Beaver and colleagues, 1952 described the clinical features and Toxocara sp. as the cause of VLM (Beaver et al. 1952) . Nawa et al. 1996) .
Visceral larva migrans (VLM)
History
Epidemiology VLM is worldwide in distribution with high prevalence in sub tropical countries (Nawa et al. 1996; Akdemir 2010; Elshazly et al. 2011) . In developed world, Toxocara ranks second only to pinworm infection in humans (Schantz 1989) . Despite the high incidence of toxocarosis in dogs in India, first human case of VLM was recorded in 1993 (Sarda et al. 1993) .Young adults and children are supposed to be at greater risk of contracting the disease (Schantz et al. 1980) . Infected dogs contaminate the soil with Toxocara sp. eggs and ingestion of these eggs is major route of infection. Multiple conducive factors include pica or geophagia, poor hygiene, eating raw vegetables, contact with puppies and exposure to public places and parks with contaminated soil (Kantha et al. 1989; Kaplan et al. 2001; Malla et al. 2002; Dar et al. 2008 ). Ingestion of raw organs and meat from paratenic hosts (pigs, lamb, rabbits, chicken) also lead to the disease (Nagakura et al. 1989; English 2006) . Several studies on the prevalence of Toxocara sp. eggs in soil have been conducted in India. Prevalence rates of Toxocara sp. eggs in soil samples ranging from 2.21 to 19.71 % have been reported from different parts of the country (Singh et al. 1997; Grover et al. 2000; Das et al. 2010; Thomas and Jeyathilakan 2012) . Kumar and Hafeez (1998) reported that 46 % of public parks and 32 % of school grounds in Andhra Pradesh (South India) were contaminated with Toxocara eggs. Recently, Sudhakar et al. (2013) reported that 12.84 % of soil samples were contaminated with the Toxocara spp. eggs in Uttar Pradesh (North India) and public parks were more contaminated than the other sites. Access of dogs to such places poses serious public health risk in the country. Lack of knowledge could further increase occurrence of disease. In a survey in Pondicherry, 21.66 % dog owners had no idea regarding transmission of T. canis to humans ).
Status in India
Occurrence in humans Routine epidemiological surveys involve serological methods for the diagnosis of the disease. Seroprevalence studies indicated the prevalence rates of 32.86 and 6.4 % of human toxocarosis from Jammu & Kashmir and Haryana, states of northern India, respectively (Malla et al. 2002; Dar et al. 2008) . Sporadic cases of VLM have also been reported from many other states (Table 2) .
Occurrence in dogs
High prevalences range of 55.8 and 82 % were observed in Miraj and Calcutta, respectively (Mapplestone and Bhaduri 1940; Joshi and Sabne 1977) . In contrast, low prevalence was seen in Madhya Pradesh (2.7 %), Himachal Pradesh (5.93 %), and Chandigarh (9.6 %) (Sahasrabudhe et al. 1969; Sreenivas and Mahajan 1991; Agnihotri et al. 2008) . Prevalence of T. canis was 11 % in dogs in tea estates in Assam (Traub et al. 2002) . Sahu et al. (2012) found 24.3 % incidence of Toxocara ova in dogs in Uttar Pradesh. Incidence was 38 and 45 % among adult dogs and puppies in Nagpur (Khante et al. 2009 ). Most of the studies reported high prevalence in puppies (Sreenivas and Mahajan 1991; Khante et al. 2009; Das et al. 2009 ) and stray dogs as compared to adult dogs and pets (Sahu et al. 2012; Das et al. 2009 ).
Health implications in humans
Clinical manifestations mainly depend upon the site of larval migration. Most important sites are liver, lungs, heart and CNS. Infection remains asymptomatic most of the times (Bass et al. 1987) . Fever, hepatomegaly, liver necrosis, spleenomegaly, eosinophilia (Huntley et al.1965; Schantz and Glickman 1978; Jain et al. 1994; Thakkar et al. 2012 ) and myocarditis (Dao and Virmani 1986; Kim et al. 2012) are the important clinical manifestations. Pulmonary involvement can result in cough, wheeze, dyspnea and pneumonia, or asthma (Cianferoni et al. 2006 ). Signs such as seizures, neuropsychiatric symptoms, or encephalopathy could be seen during CNS involvement (Jagannath et al. 2009 ).
Clinical symptoms in dogs
Toxocarosis causes serious disease in pups whereas in adult dogs usually remains asymptomatic. The parasite causes serious blood loss, acute gastrointestinal hemorrhages, anemia, poor growth, loss of condition and sometimes an enlarged abdomen (Kagira and Kanyari 2000) . Death may occur in severe cases.
Diagnosis
For diagnosis of VLM in humans, serological tests like Enzyme-linked immunosorbent assay (ELISA) can be used (Schantz 1989; Bhatia and Sarin 1994; Thakkar et al. 2012) . Imaging techniques such as ultra sonography, CT scan and MRI could also be used to aid in diagnosis (Jain et al. 1994; Jagannath et al. 2009 ). Liver biopsy can also be performed in diagnosing VLM. For diagnosis in dogs, faecal examination is done to observe the parasite's ova.
Treatment
A variety of anthelmintic drugs are used for the treatment of toxocarosis (Despommier 2003) . Administration of corticosteroids can be used in order to suppress the intense allergic manifestations of the infection.
Ocular larva migrans (OLM)
Etiology OLM also known as Toxocaral Retinitis is mainly caused by larvae of T. canis and T. cati (Mirdha and Khokar 2002; Fomda et al. 2007 ). Occasionally, Baylisascaris procyonis, raccoon roundworm can lead to OLM in humans (Brasil et al. 2006) . VLM and OLM are the two main clinical presentations of toxocariasis.
Epidemiology
Occurrence in humans
Few studies have been carried out on OLM in India. Moreover, disease has been under reported due to lack of diagnostic aids in most parts of the country. In north India, a serological study on patients with ocular manifestations and suspected for toxocarosis indicated presence of antiToxocara antibodies in 11 subjects of less than 15 years old (17 %) and three subjects of more than 15 years old (4 %) out of total 68 patients (Mirdha and Khokar 2002) . Fomda et al. (2007) reported a case of OLM in 12 year old girl from Kashmir.
Health implications in humans
Ocular toxocarosis is frequently observed in older children and young adults. OLM is usually unilateral (Yokoi et al. 2003; Stewart et al. 2005) and there is decrease in visual acuity, strabismus, or leukocoria (Shields 1984) . Bilateral involvement is extremely rare (Benitez del Castillo et al. 1995) . Most common presenting manifestations are impairment of visual acuity and leukocoria.
Diagnosis
The disease could be diagnosed from clinical signs. ELISA on serum samples can be performed to diagnose the disease (Shields 1984) . Some authors have also demonstrated ELISA on intraocular fluids as a useful diagnostic aid (Biglan et al. 1979; Gillespie et al. 1993 ).
Treatment
Antihelmintic drugs and corticosteroids have been used to treat OLM (Dinning et al. 1988; Maguire et al. 1990) Retinal detachment is the most common indication for surgical intervention (Hagler et al. 1981) Vitrectomy can be performed to treat such condition (Belmont et al. 1982; Small et al. 1989 ).
Neural larva migrans
NLM occurs due to migrating larvae of the raccoon roundworm, B. procyonis, which may lead to severe neurologic disease. It is mostly prevalent in the countries where raccoons are present like northern and midwestern United States (Gavin et al. 2002) . It causes eosinophilic meningoencephalitis in humans, primarily in children with significant environmental contact (Murray and Kazacos 2004; Gavin et al. 2005 ). Raccoons are not native to India thus no case of NLM has been reported from India.
Control
Control of stray dog population is of utmost importance to combat larva migrans and other potential zoonotic diseases such as rabies. Measures that prevent infected dog faeces from contaminating the environment are of paramount importance. City municipals in collaboration with NGOs must take steps like controlling stray dog population and fencing the public places, parks and play grounds to check the entry of stray dogs. Deworming of dogs against these zoonotic helminths is also of cardinal importance. Owners should dispose of dog faeces properly. Systematic surveillance should be made by health agencies in order to obtain the exact disease burden which would be the basis of future control programs. Physicians should also include larva migrans in the differential list of similar manifestations as they mimic some of the other medical problems in endemic areas. Playing or walking barefoot on the beach or gardens should be avoided. Good hygienic measures like washing hands after playing on beach or with dogs or gardening should be cultured to general public. Discourage geophagia in kids and encourage them to adopt good hygienic practices. Awareness campaign should be carried in order to educate the dog owners as well as common people. Travelers should be advised on how to avoid exposure to these parasites.
Conclusion
Recognition of Larva migrans as an important public health problem is most important step to combat this neglected disease in developing countries like India. Given the high prevalence of the disease in dogs, improved sanitary and hygienic practices must be adopted throughout the country. What is required in terms of future control programs is the development of easy to perform diagnostics and their availability in endemic areas. Dogs may act as sentinels of such zoonotic parasites and incidence in them permits indirect assessment of human risk. Therefore, it alarms for surveillance of such important but neglected parasitic zoonosis in dogs and humans simultaneously in order to achieve the true picture of the problem, collaborative efforts by veterinary and medical professionals will further increase the success of control programs.
